Aim: In an audit report provided to the Ugandan Parliament by the Office of the Audit General, Uganda, technical efficiency in Ugandan referral hospitals was measured and analysed. The audit report pointed out that there was a relatively low level of technical inefficiency, at least in comparison with other African countries. The purpose of this study is to look further into the issue of why there is inefficiency.
Introduction
In sub-Saharan Africa, poor health among the population is generally a reality, and Uganda is no exception here. One cause could be that the health care systems are inadequate to meet the needs of the ever-growing population. This suspicion has raised concerns among policy makers and planners about whether health services are being delivered efficiently by hospitals. This study is a development of the work presented in the Uganda Office of the Audit General (2016) . In that study long run technical efficiency was investigated and the result was that, compared to other studies targeting African hospitals, the inefficiency was relatively low. However, in secondary analysis performed there were indications that not only internal factors contributed to the inefficiency. The report reported for example bed occupancy rates above 100 per cent which indicates congestion. The development in this paper consists of analysing factors that are not directly related to the overuse of inputs, but relates to different parts of the production. This includes the concept of scale efficiency as well as congestion.
The outline of the study is as follows. Section 2 will give a brief overview of the health care sector in Uganda. In section 3 we will make a comprehensive survey of previous studies targeting technical efficiency in hospital services production in African countries. The main finding is that, even if there are similarities between the country-specific studies in terms of how production is defined, there is a large variation in technical efficiency. This suggests that countries can learn from each other. Further, we have not found any study that explicitly studies the influence of congestion on long run technical efficiency. In section 4 we present the model, definitions and data used for this study. In this section we also discuss the inputs and outputs selected for our study, and we introduce the concept of input congestion. The inputs and outputs have been chosen after considering previous studies and in discussion with the stakeholders. In section 5 our results are presented. Overall, we find relatively small amount of inefficiency, especially when compared to other African countries. Our results also reveal that the source of long-run inefficiency varies between years. For 2012 more than 50% of the observed inefficiency related to scale factors. However, in 2013 and 2014 the major contributor to long-run inefficiency relates to congestion.
The health sector in Uganda -a short description
In Uganda, hospital services are provided under a four-tier health care system (primary, secondary, tertiary and quaternary care), with regional referral hospitals (RRHs) being major contributors to essential clinical care because of their provision of specialist clinical services. This study covers thirteen out of the fourteen RRHs in Uganda.
The state has a duty to guarantee the right to health care to all its citizens. In addition, a number of international treaties oblige the Government of Uganda to commit sufficient resources and establish a comprehensive health care framework that meets the health needs of its citizens.
1 In order to deliver the health services required, the Government of Uganda has endeavoured to put in place a regulatory framework in line with the 1995 Constitution of the Republic of Uganda (as amended). The regulatory framework spells out the responsibilities of hospitals at different levels, including RRHs, to provide for the health care needs of the population. Over the past three financial years (2011/12, 2012/13 and 2013/14) , there has been an 18% increment in the funding of RRHs, which has risen from UGX 53.86 billion to UGX 63.56 billion (Ministry of Finance, Planning and Economic Development 2011, 2013) . Despite the increase in the funding of RRHs over the years there has been a declining quality of health services in the country. This decline in quality is mainly attributed to the lack of drugs and other stocks, the shortage of health workers, delays in accessing health care services in every RRH, mismanagement of hospital infrastructures, and the overcrowding of hospital facilities. This has raised concerns as to whether these hospitals are operating efficiently with the resources available to them. There is a need for the efficient provision of clinical and non-clinical services to produce a healthy population as an input for economic development. The inefficiency in the RRHs is an issue that needs to be addressed if Uganda is to reap significant savings from all the activities carried out by RRHs and to meet its Millennium Development Goals related to health. Uganda has fourteen autonomous RRHs that are responsible for delivering a complementary, integrated, and continuous package of health care to achieve a common national goal. RRHs offer specialised services such as psychiatry, Ear, Nose and Throat (ENT) services, radiology, pathology, ophthalmology, and higher level surgical and medical services, including teaching and research. This is in addition to the services offered at general hospitals. RRHs are required to provide this more specialised care for a population of 2,000,000 people, to have a bed capacity of 500, to employ an average of 349 members of staff and to maintain all the relevant health equipment prescribed by the Ministry of Health. The Ugandan hospital policy provides that RRHs are part of the system for delivering health services in Uganda. RRHs derive their vision and mission from the vision of the health sector, which is: "A healthy and productive population that contributes to social-economic growth and national development" (Ministry of Health 2010: 38) .
The stated mission for the sector is: "To provide the highest possible level of health services to all people in Uganda through delivery of promotive, preventive, curative, palliative and rehabilitative health services at all levels." (Ministry of Health 2010: 38) . The organisational structure of RRHs includes a Management Board as the highest authority; this provides oversight for the activities of the hospital. The executive function is headed by the Hospital Director. The Government of Uganda's budget allocation to the thirteen (out of the existing fourteen) RRHs under review for the financial years 2011/12 to 2013/14 amounted to an average of UGX 59 billion, while the money spent amounted to an average of UGX 57.8 billion.
Previous studies of hospital efficiency in African countries
Data Envelopment Analysis (DEA) has been widely used across the world to analyse the efficiency in general but also of hospitals.
2 O'Neill et al. (2008) Flessa (2009, 2011) Ramanathan et al. (2003) is that the study, besides using DEA, uses a stochastic frontier approach while, however, analysing each of the fourteen selected outputs separately. An obvious problem with this study is dimensionality. The authors use fourteen outputs and five inputs and only have access to thirteen observations. The specification in Tlotlego et al. (2010) is different. In this study there are two inputs and two outputs, and 21 units for the analysis. The inputs in this study are the number of clinical staff and the number of hospital beds. The outputs are the number of outpatient visits and the number of inpatient days. The average inefficiency ranges from 53 per cent to 38 per cent, depending on scale assumptions.
There have been three studies on technical efficiency in Ghana. Osei et al. (2005) use DEA to investigate technical efficiency in Ghana in the year 2000. Their data cover seventeen hospitals and seventeen health centres. The inputs used in the analysis are: number of medical officers; number of technical officers; number of support or subordinate staff; and number of hospital beds. The outputs are the number treatments relating to maternity and child care, the number of babies delivered and the number of patients discharged (not including deaths). The average inefficiency for Ghana in this study is 18.5%. Akazili et al. (2008a Akazili et al. ( , 2008b ) also use DEA, but in contrast to other studies Akazili et al. (2008b) also cover allocative and long run efficiency. The inefficiency in Akazili et al. (2008a) is 28%; inefficiency is not reported in Akazili et al. (2008b) .
Health care in South Africa has been studied by Kirigia et al. (2001) , Zere et al. (2001) , Kibambe and Koch (2007) and Linden (2013) . Kirigia et al. (2001) study technical efficiency in the Kwazulu-Natal province, where the inefficiency was below ten percent. Numbers of nurses and of general staff (administrative and subordinate staff) are used as inputs, and numbers of antenatal care visits, deliveries/births, child health care visits, dental care visits, family planning visits, psychiatric visits, sexually transmitted disease related care visits, and tuberculosis related care visits are used as outputs. In Zere et al. (2001) level I, II and III hospitals in three different provinces in South Africa are in focus. The authors compute measures of CRS, VRS, technical efficiency and scale efficiency. The result was an average technical inefficiency between 32 and 26 per cent if CRS technology is assumed and between 18 and 17.2 per cent if VRS technology is assumed. The study uses two inputs (recurrent expenditure and beds) and two outputs (outpatient visits and inpatient days). Kibambe and Koch (2007) use data for 2004 and the DEA framework, and apply a number of different specifications, among other things taking each output separately. The inefficiency scores are in the range of 1.1% to 30.7%. The inputs in this study are the numbers of physicians (doctors and specialists), nurses, and active beds. The outputs are: total admissions, inpatient visits, outpatient days and total surgeries. Linden (2013) find an average inefficiency of 10.6 percent. The study uses numbers of medical doctors, specialists, active beds, staffed beds, and non-nursing medical and dental staff, cost of drugs, and capital charges as inputs, and numbers of out-patient department attendances, births, surgeries, emergency room visits, admissions and acute discharges as outputs. Masiye et al. (2006) and Masiye (2007) conduct studies of the Zambian hospital sector. In Masiye et al. (2006) roughly 23 per cent of the hospitals are reported to be inefficient. Furthermore, the sample was divided into private and public hospitals. The average technical inefficiency was 30 per cent for the private and 44 per cent for the public hospitals. The inputs used are number of clinical officers, number of nurses and number of other staff. As outputs, outreach services, number of visits and immunisations are used. Masiye (2007) uses a slightly different specification and expands the number of both inputs and outputs. The inputs in the study are nonlabour expenditure, number of medical doctors, sum cost for nurses, laboratory technicians, radiographers and pharmacists and finally, administrative and other staff. As outputs the author uses number of ambulatory care visits, inpatient days, maternal and child health, and the sum of the number of lab tests, X-rays and theatre operations. The average inefficiency in the study was 33%.
There are also countries where single studies have been performed. Djema and Djerdjouri (2012) investigate efficiency in Algeria, applying the DEA method. In their study hospitals are divided into three groups according to size, and the analysis is performed on each group. Average technical inefficiency for the small, medium and large hospitals is reported to be 25%, 19% and 23% respectively. The study uses four inputs: numbers of paramedical staff, medical staff, administrative staff and beds. The outputs used are the number of admissions, days of hospitalisation, average duration of the stay and finally, hospital mortality.
In Kirigia et al. (2008) , DEA and the DEA-based Malmquist index are used to study hospital production in Angola. The technical inefficiency for the three years was 34, 34 and 32 per cent respectively. Using the Malmquist index the study concludes that the productivity increase was 4.5 per cent for the period, and was due to improvements in efficiency rather than innovation. The study uses the sum of the numbers of doctors and nurses, the amounts spent on drugs and maintenance, and the number of beds as inputs. The outputs used are the numbers of outpatient visits and inpatient admissions.
San Sebastian and Lemma (2010) study technical efficiency in Ethiopia. The results reveal that 15 out of the 60 hospitals were efficient and that the average inefficiency was 43%. The study uses a model consisting of two inputs and eight outputs. The two inputs are: number of health extension workers and number of voluntary health workers (traditional birth attendants and community health workers). The outputs for the model are the number of health education sessions; the number of completed (three) antenatal care visits; the number of babies delivered; the number of people that repeatedly visited the family planning service; the number of cases of diarrhoea treated in children under five; the number of visits carried out by community health workers; the number of totally new patients attending hospital; and finally, the number of malaria cases treated. Kirigia et al. (2002) and Kirigia et al. (2004) investigate the situation in Kenya. Kirigia et al. (2002) concludes that 56 per cent of the public health centres and 26 per cent of the public hospitals were technically inefficient. The study uses the number of medical officers/pharmacists/dentists, clinic officers, nurses (including enrolled, registered, and community nurses), administrative staff, technicians/technologists, other staff, subordinate staff, pharmaceuticals, nonpharmaceutical supplies, maintenance of equipment, vehicles, and buildings, and food and rations a as inputs. The used outputs are; outpatient Department casualty visits, special clinic visits, MCH/FP visits, dental care visits, general medical admissions, paediatric admissions, maternity admissions, and amenity ward admissions. In a follow up, Kirigia et al. (2004) , a slightly specification is used for the public health centres. In the study the authors find that around 56 per cent where technical efficient. Inputs are defined as: clinical officers + nurses, physiotherapist + occupational therapist + public health officer + dental technologist, laboratory technician+ laboratory technologist, administrative staff, nonwage expenditures and number of beds. As outputs the author uses: diarrhoeal + malaria + sexually transmitted infection + urinary tract infections + intestinal worms + respiratory disease visits, antenatal + family planning visits, immunization and finally, other general outpatient visits Zere et al. (2006) study hospital efficiency in Namibia. In Namibia 30 hospitals were studied, and between three and five were technically efficient between the years 1997 and 2001. The average technical inefficiency was more than 25 per cent. In the study, recurrent expenditure and numbers of beds and nursing staff are inputs, and numbers of outpatient visits and inpatient days are outputs. The study uses eleven inputs and four outputs. Depending on the scale assumption, the average inefficiency ranges from 48% (CRS) to 28% (VRS). Renner et al. (2005) investigate technical efficiency in Sierra Leone. The data cover 37 hospitals in one district. The results reveal an average inefficiency of 37%. Out of the 37 hospitals, 22 were considered to be efficient. The model used has two inputs and six outputs. The inputs are the numbers of technical staff (community health nurses, vaccinators and maternal and child health aides) and subordinate staff (including traditional birth attendants, porters and watchmen). As for the outputs, these are the numbers of antenatal plus postnatal visits, babies delivered, nutritional/child growth monitoring visits, family planning visits, children under the age of five years immunised plus pregnant women immunised with tetanus toxoid (TT), and health education sessions conducted through home visits, public meetings, school lectures and the outpatient department.
Yawe (2010) uses a super efficiency DEA model to analyse hospitals in Uganda between 1999 and 2003. In the study 25 out of 38 district referral hospitals are analysed, using four input and four output variables, as can be seen in Table A1 in Appendix A. The reasons for using a super efficiency DEA model were that the standard DEA model failed to rank the set of efficient hospitals. Using a super efficiency model, the hospitals can be ranked into four groups: strongly super efficient, super efficient, efficient and inefficient. The study estimates five different models and all of them have a feasible solution under constant returns to scale technology. The conclusion is that not adjusting one of the output variables (admissions) would understate the efficiency scores. Furthermore, the results are sensitive for lumping human resources into one variable: this reduces the efficiency score and reduces the number of hospitals on the production possibilities frontier. The focus of the study is on methodology rather than the result. Finally, Mujasi et al. (2016) investigate referral hospitals in Uganda. The authors found a long run efficiency (CRS) of almost 80% and a short run technical efficiency (VRS) of more than 91%. The model consisted of two inputs, beds and medical staff and two outputs; outpatient visits and inpatient admissions.
In summary, the previous research on hospital and health centre performance reveals varying, but overall high, levels of inefficiency. There are a variety of inputs and outputs used, but numbers of staff and beds are used as inputs in the majority of studies. Also, the previous studies generally use inpatient and outpatient measures as outputs. All, with the exception of one study, use the DEA approach to assess efficiency.
The data, the definitions and the model
The dataset includes 13 RRHs for the three (3) fiscal years 2011/2012, 2012/2013 and 2013/2014 . It was sourced from the Health Management Information System (DHIS-2) which is produced by the Ministry of Health. The Health Management Information System data was used because its reliability makes it the recommended data source for the health sector. The study also obtained data from the RRHs. For each hospital, the dataset included the numbers of health workers, beds, diagnostic equipment, diagnostic tests, outpatient attendances, admissions, deliveries, mortality, stillbirths, live births, immunisation data, antenatal visits, Standard Units of Output (see below), drug expenditure and other operating costs. The input and output variables were chosen following discussions with the Ministry of Health and RRHs and in the light of the hospital production process and the variables commonly used in previous similar research studies on the efficiency of hospitals, as explained above.
3
The input variables Health workers: These were chosen because they are directly involved in the provision of health services to patients. Furthermore, for RRHs the wage bill constitutes about two thirds of the total operating costs. The health worker category includes medical professionals (medical officers, specialists and consultants), nursing staff, midwifery staff, dental professionals, and allied health professionals.
Beds: This is commonly chosen in hospital studies as a proxy for capital investment and hospital size. Drug expenditure: This represents the treatment given to both inpatients and outpatients. It constitutes the actual expenditure on essential medicines and health supplies. Drug expenditure can also act as a proxy for the alternative of admitting patients.
Output variables
We use the Standard Unit of Output (SUO) proposed by the Ministry of Health in their Annual Health Sector Performance reports, and convert all the outputs of the RRH into outpatient equivalents. The SUO enables a uniform and fair comparison of outputs across hospitals that have varying capacities, and is based on an earlier work of cost comparisons. The SUO is defined as = [(Inpatients x 15) + (Outpatients x 1) + (Deliveries x 5) + (Immunisations x 0.2) + (ANC/MCH/FP x 0.5)].
5 Furthermore, the SUO captures the different types of patient care services provided by the RRHs, such as outpatient services, inpatient services, maternity services, and prevention and rehabilitation services. Mortality is used as a rough measure of the quality of the health care provided by the RRHs. It is assumed that the higher the mortality a hospital reports, the lower the quality of its services. This same parameter was, as discussed earlier, used in previous studies as a quality measure. Since the objective is to minimise mortality, this variable is transformed by taking its inverse. The descriptive statistics are presented in Table 2 .
The quantity of each input and output generally varies amongst the RRHs and from one year to another. The only exceptions are the numbers of health workers and beds, which remain fairly constant on a year-on-year basis. The aforementioned variation meant that the efficiency analysis had to be carried out for each year separately in order to obtain unbiased results.
The model
In the study we use the DEA framework that first was used by Farrell (1957) and was later extended for use with multiple inputs and outputs by Charnes et al. (1978) . From previous research, the dominant model used when measuring technical efficiency is a model that sets the objective as minimising input for a given output level, i.e. an input-based model. First, the concept of technical efficiency needs to be defined. Let k, k = 1,..,K represent the K different hospitals, , 1,.., (that is, it is possible to reduce the inputs and still be able to produce the observed output levels). In micro economic theory, long-run technical efficiency requires that the efficiency is evaluated against constant return to scale (CRS) technology, here denoted () TE CRS . In the short run, however, it is possible to allow for different types of scales of operation. Therefore, technical efficiency is also evaluated against a variable return to scale (VRS) frontier [ ()
TE VRS ]. How much of the long run technical efficiency that is explained by the scale of operation is computed and referred to as scale efficiency. The focus of this study is congestion, and we will follow the framework suggested in Färe and Svensson (1980) and applied in, for example, Grosskopf et al. (2001 ), Ferriet et al. (2006 , Clement et al. (2008) , Valdmanis et al. (2008) , Simões and Marques (2011) . 6 Input congestion refers to a situation where an increase in one or more inputs will cause a reduction in the output produced. To define congestion, the concept of disposability is required. A technology is congestion-free if it is free to dispose of inputs that are not used. This is referred to as the strong disposability of inputs. However, if this is not the case, we refer to the weak disposability of .. Table 3 presents the results of the analysis. The first row indicates the year for the analysis. In column 2 the level of long run technical inefficiency is presented. Technical inefficiency is computed as one minus the efficiency score. For example; if the computed efficiency score equals 0.8, this means that the hospital could produce the same amount of output using 80% of the observed input. This equals a potential reduction of inputs of 20%, i.e. 1-0.8. In the following columns we present computations of how much of the observed inefficiency is attributed to each of pure technical efficiency, scale efficiency and congestion. These are expressed as percentage points of the long run inefficiency. For example, in 2014 Mbarara had a long run inefficiency of 23 per cent. This means that Mbarara in 2013/14 could have reduced its use of inputs by 23% if it had mimicked the operation of one of the efficient hospitals. To illustrate what this means, note that Mbarara had a total cost of approximately UGX 4,528 million. A reduction of 23 per cent means a saving equal to approximately UGX 1,041 million. Further, 20.7 percentage points of the long run inefficiency related to pure technical efficiency, 1.1 percentage points to not producing on an optimal scale and 1.1 percentage points to congestion. Table 3 reveals an average yearly long run inefficiency of between 9 and 19 per cent, with 2012/13 being the year with the highest amount of inefficiency. These results are in line with, or below, other studies of hospital efficiency in African countries. In columns three to five the sources of the observed inefficiency are expressed as percentage points of long run inefficiency. Pure technical inefficiency refers to the excess use of inputs. For the years 2013/14, an average 3.9 percentage points of the 10.2 per cent long run inefficiency relates to the excess use of inputs, 1.6 percentage points are related to not producing at an optimal scale, and, finally, 4.8 percentage points can be referred to as congestion. Looking at the individual hospitals, Gulu, Mbarara and Jinja show the highest amount of long run inefficiency, but the sources of inefficiency differ considerably. While the majority of the long run technical inefficiency in Gulu and Mbarara relates to input use (pure technical inefficiency), the situation in Jinja is different. In fact, none of the observed long run technical inefficiency is related to input use in Jinja. Instead, 8.8 percentage points relate to operating outside the optimal scale, and as much as 16.2 percentage points relate to congestion. In Kabale and Lira the major part of the observed long run technical inefficiency also relates to congestion rather than the scale of input use.
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Results

Conclusion and concluding remarks
The aim of this study is to investigate efficiency in Ugandan referral hospitals by decomposing long run technical efficiency into three components: Pure technical efficiency, scale efficiency and congestion. The long run results showed a potential for improving efficiency in the RRHs by saving on the inputs currently used to produce the outputs. The inefficiency ranges from 0% to 40%, with an average inefficiency score of 12.6% across the three years. Another finding is that the saving potential of each RRH may not be uniform across the hospitals. This implies that the policy to make referral hospitals more efficient should target those hospitals that have the potential to save costs. Cutting resources from hospitals that are already efficient might, in fact, create a situation where inefficiency is induced because of an inappropriate efficiency improvement policy. The policy recommendation is that committees should be instituted in the inefficient RRHs to re-examine their operational procedures with a view to identifying inefficiencies in their utilisation of resources. This could be done by encouraging inefficient hospitals to interact with efficient RRHs, especially the consistently efficient RRHs, to compare their usage of inputs and organisation. A third finding is that inefficiency for some hospitals can be related to existence of congestion. This is not surprising since the Office of the Audit General (2015) indicate existence of congestion. For example, the study reports bed occupancy rates exceeding 100 per cent. It is beyond the scope of this study to further investigate the causes to the observed inefficiency relating to congestion. However, based on our results we feel confident to recommend that resources are spent to further investigate what in the production organisation that might be the cause for the identified congestion. This model uses the same variables as the preferred model but excludes mortality, therefore leaving quality measures out of the model. There are slight changes in the average efficiency scores of four RRHs, but a considerable change for Soroti RRH which goes from 95% to 100% efficiency. However, this model has not been chosen because Carey and Burgess (1999) and Ferrier and Trivitt (2013) argue that disregarding quality results in omitted variable bias. d) Model 4
This model uses the same variables as the preferred model but replaces health workers with total number of staff, therefore incorporating administrative and support staff in the model. This changes the average efficiency score of five RRHs. However, this model has not been chosen because the administrative and support staff are not directly involved in delivering the health service to patients.
The sensitivity analysis conducted to ascertain the reaction of the model to changes in the mix of inputs and outputs did not show much change in the score and rankings of the RRHs. This further emphasises the comprehensiveness of the input and output variables used and the credibility of the preferred model.
